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Description 

SYSTEM AND METHOD FOR 
CONTROLLING A STEAM TURBINE 

Background of Invention 

[0001] A steam turbine system includes a rotor sliaft tliat is axi- 
ally supported by a tlirust bearing. During rotation of the 
rotor shaft, an axial force is exerted by the rotor shaft on 
the thrust bearing. When the axial force exceeds a prede- 
termined force for an extended period of time, the thrust 
bearing can become degraded. 

[0002] The steam turbine system detects when the thrust bearing 
becomes degraded by measuring an axial gap between 
the thrust bearing and a portion of the rotor shaft. When 
the axial gap between the thrust bearing and the portion 
of the rotor shaft is less than a predetermined distance, 
the system determines the thrust bearing is degraded. A 
disadvantage of this detection technique, is that no cor- 
rective action is taken to prevent degradation of the thrust 
bearing. Instead, the technique only detects degradation 



of the thrust bearing after it has occurred. 

[0003] Accordingly, there is a need for a system that can prevent 

degradation of a thrust bearing, due to excessive axial 

force loading, before the degradation occurs. 
Summary of Invention 

[0004] A method for controlling a steam turbine in accordance 
with an exemplary embodiment is provided. The steam 
turbine has a first turbine subassembly and a second tur- 
bine subassembly both operably coupled to a rotor shaft 
for rotating the rotor shaft. The rotor shaft extends along 
an axis and being rotatably supported by a thrust bearing. 
The method includes determining a magnitude of an axial 
force being applied by the rotor shaft against the thrust 
bearing. The method further includes reducing an amount 
of steam being supplied to at least one of the first and 
second turbine assemblies when the magnitude of the ax- 
ial force being applied against the thrust bearing exceeds 
a threshold value. 

[0005] A system for controlling a steam turbine in accordance 
with another exemplary embodiment is provided. The 
steam turbine has a first turbine subassembly and a sec- 
ond turbine subassembly both operably coupled to a rotor 
shaft for rotating the rotor shaft. The rotor shaft extends 



along an axis and being rotatably supported by a thrust 
bearing. Tlie system includes a first pressure sensor oper- 
ably coupled to a first conduit supplying steam to the first 
turbine subassembly, the first pressure sensor generating 
a first pressure signal indicative of a pressure of the 
steam in the first conduit. The system further includes a 
second pressure sensor operably coupled to a second 
conduit supplying steam to the second turbine subassem- 
bly, the second pressure sensor generating a second 
pressure signal indicative of a pressure of the steam in the 
second conduit. The system further includes first and sec- 
ond valves operably disposed in the first and second con- 
duits, respectively. The system further includes a com- 
puter operably coupled to the first and second pressure 
sensors and the first and second valves. The computer is 
configured to calculate a magnitude of an axial force be- 
ing applied against the thrust bearing by the rotor shaft 
based on the first and second pressure signals. The com- 
puter is further configured to close at least one of the first 
and second valves when the magnitude of the axial force 
exceeds a predetermined threshold value. 
[0006] An article of manufacture in accordance with another ex- 
emplary embodiment is provided. The article of manufac- 



ture includes a computer storage medium liaving a com- 
puter program encoded therein for controlling a steam 
turbine. The steam turbine has a first turbine subassembly 
and a second turbine subassembly both operably coupled 
to a rotor shaft for rotating the rotor shaft. The rotor shaft 
extends along an axis and is rotatably supported by a 
thrust bearing. The computer storage medium includes 
code for determining a magnitude of an axial force being 
applied against the thrust bearing by the rotor shaft. The 
computer storage medium further includes code for re- 
ducing an amount of steam being supplied to at least one 
of the first and second turbine subassemblies when the 
magnitude of the axial force exceeds a threshold value. 
[0007] Other systems and/or methods according to the embodi- 
ments will become or are apparent to one with skill in the 
art upon review of the following drawings and detailed 
description. It is intended that all such additional systems 
and methods be within the scope of the present invention, 

and be protected by the accompanying claims. 
Brief Description of Drawings 

[0008] Figure 1 is a schematic of a system for controlling a steam 

turbine in accordance with an exemplary embodiment; 
[0009] Figure 2 depicts first and second steam pressures utilized 



in the system of Figure 1; 
[0010] Figure 3 depicts an axial force exerted on a thrust bearing 

of the system of Figure 1; and 

[0011] Figure 4 is a method for controlling the steam turbine of 

Figure 1. 
Detailed Description 

[0012] Referring to Figure 1, a steam turbine system 10 in accor- 
dance with an exemplary embodiment is provided. The 
steam turbine system 10 controls operation of the rotor 
shaft 18 such that an axial force applied to a thrust bear- 
ing 21 is controlled. The steam turbine system 10 in- 
cludes a steam turbine 12 and a control system 14. 

[0013] The steam turbine 12 is provided to rotate the rotor shaft 
18. The steam turbine 12 includes a turbine subassembly 
14, a turbine subassembly 16, the rotor shaft 18, a thrust 
bearing housing 20, a thrust bearing 21, a steam genera- 
tor 22, a condenser 24, bearings 26, 28, an oil pump 30, 
and conduits 32, 34, 36, 38, and 40. 

[0014] The turbine subassembly 14 is provided to induce a rota- 
tional force on the rotor shaft 18. The turbine subassem- 
bly 14 includes a housing 60 and a plurality of stationary 
impeller blades 62 contained within the housing 60. When 
steam enters an interior of the housing 60, the steam 



contacts a plurality of impeller blades 72 disposed about 
the rotor shaft 18 that induces the shaft 18 to rotate in a 
predetermined direction. The housing 60 includes an 
aperture (not shown) extending through an end wall 61 
and an aperture (not shown) extending through an end 
wall 63 for receiving the rotor shaft 18 therethrough. Ac- 
cordingly, a portion of the rotor shaft 18 extends through 
an interior of the housing 60. 

[0015] The turbine subassembly 16 is provided to induce a rota- 
tional force on the rotor shaft 18. The turbine subassem- 
bly 16 includes a housing 64 and a plurality of stationary 
blades 66 contained within the housing 64. When steam 
enters an interior of the housing 64, the steam contacts 
the plurality of impeller blades 74 disposed about the ro- 
tor shaft 18 that induces the shaft 18 to rotate in a prede- 
termined direction. The housing 64 includes an aperture 
(not shown) extending through an end wall 65 and an 
aperture (not shown) extending through an end wall 67 
for receiving the rotor shaft 18 therethrough. Accordingly, 
a portion of the rotor shaft 18 extends through an interior 
of the housing 64. 

[0016] The rotor shaft 18 includes a generally cylindrical rod 
portion 70 extending along an axis 71, a plurality of 



blades 72, a plurality of blades 74, and a flange portion 
76. The plurality of blades 72 are disposed proximate a 
first end of the rod portion 70 so that the blades 72 are 
disposed within the housing 60. The plurality of blades 74 
are disposed proximate a second end of the rod portion 
70 so that the blades 74 are disposed within the housing 
64. The flange portion 76 is disposed at the first end of 
the rod portion 70 that extends circumferentially about 
the rod portion 70 and has a larger diameter than the rod 
portion 70. When the rotor shaft 18 is rotated in a prede- 
termined direction, a force is exerted on the rotor shaft 
18 in an axial direction (e.g. left direction in Figure 1) . 
The flange portion 76 contacting the thrust bearing 21 
transmits the axial force to the thrust bearing 21. As 
shown, the rotor shaft 18 is rotatably coupled to bearings 
26 and 28 disposed proximate first and second ends, re- 
spectively, of the rotor shaft 18. The rotor shaft 18 is fur- 
ther rotatably coupled to the thrust bearing 21 that pre- 
vents the shaft 18 from moving in an axial direction. 
[0017] The thrust bearing 21 is provided to allow the rotor shaft 
18 to rotate within an aperture 80 disposed through the 
bearing 21 while preventing the rotor shaft 18 from mov- 
ing in an axial direction (left direction in Figure 1). The 



thrust bearing 21 is disposed at least partially within a 
housing 20. Further, the thrust bearing 21 comprises a 
copper pad having a thin film of oil disposed thereon. The 
thrust bearing 21 is disposed proximate the flange 76 of 
the rotor shaft 18. As shown, an oil pump 30 pumps oil 
through the conduit 40 into an interior of the housing 20 
to lubricate the thrust bearing 21. 

[0018] A steam generator 22 is provided to generate steam that 
produces a rotational force within the subassemblies 14 
and 16 to induce the rotor shaft 18 to rotate in a prede- 
termined direction about axis 71. The steam generator 22 
outputs steam at a relatively high pressure that is trans- 
mitted through the conduit 32. Further, the steam gener- 
ator 22 outputs steam at a relatively low pressure that is 
transmitted through the conduit 34. The steam generator 
22 also receives steam exiting the turbine subassembly 
14 through the conduit 36. 

[0019] The condenser 24 is provided to condense steam exiting 
the turbine subassembly 16. In particular, the condenser 
24 receives steam from the turbine subassembly 16 via 
the conduit 38 and condenses the steam. 

[0020] The control system 14 is provided to control the turbine 
12 such that an axial force transmitted from the rotor 



shaft 18 to the thrust bearing 21 does not exceed a 
threshold level for an extended period of time which could 
degrade the thrust bearing 21. The control system 14 in- 
cludes valves 80, 82, pressure sensors 84, 86, and a con- 
trol computer 88. 

[0021] The valves 80, 82 are operably disposed within the con- 
duits 32, 34, respectively. When valve 80 is in an open 
operational position, steam having a relatively high pres- 
sure is communicated from the steam generator 32 to an 
interior of the housing 60. Alternately, when valve 80 is in 
a closed operational position, steam from the steam gen- 
erator 32 is prevented from entering the interior of the 
housing 60. When valve 82 is in an open operational posi- 
tion, steam having a relatively low pressure is communi- 
cated from the steam generator 32 to an interior of the 
housing 64. Alternately, when valve 82 is in a closed op- 
erational position, steam from the steam generator 32 is 
prevented from entering the interior of the housing 64. 
The operational position of the valves 80, 82 are con- 
trolled by signals (VI), (V2), respectively, generated by the 
control computer 88. 

[0022] The pressure sensors 84, 86 are provided to generate 
pressure signals (PI), (P2), respectively, indicative of the 



steam pressures within tlie conduits 32, 34, respectively. 
Tlie pressure signals (PI), (P2) are received by the control 
computer 88 which determines first and second pressure 
values based upon the signals (PI), (P2), respectively. 
[0023] The control computer 88 is provided to control the opera- 
tion of valves 80, 82 to control the rotational speed of the 
rotor shaft 18 and to further control the magnitude of the 
axial force applied to the thrust bearing 21. The control 
computer 88 is operably coupled to the valves 80, 82 and 
to the pressure sensors 84, 86. The control computer 88 
is configured to generate signals (VI), (V2), to control an 
operational position of the valves 80, 82, respectively. The 
control computer 88 receives the pressure signals (PI), 
(P2) and is configured to calculate first and second steam 
pressures (PRESSl), (PRESS2) in conduits 32, 34, respec- 
tively, based upon the pressure signals (PI), (P2), respec- 
tively. Further, the control computer 88 is configured to 
calculate an axial force exerted by the rotor shaft 18 
against the thrust bearing 21 based upon the steam pres- 
sures in conduits 32 and 34. In particular, the control 
computer 88 utilizes the following equation to calculate 
the axial force exerted by the rotor shaft 18 against the 
thrust bearing 21: 



[0024] Axial Force = CI + C2 * (PRESS 1) + C3 * (PRESS2) 

[0025] wherein CI, C2, C3 are constants that are empirically de- 
termined. 

[0026] Further, the control computer 88 is configured to close 
one or more of valves 80, 82 when the calculated Axial 
Force value is greater than a predetermined threshold 
value (PTHRESH). By closing one or more of the valves 80, 
82, the Axial Force value can be reduced below the 
threshold value (PTHRESH) to prevent degradation of the 
thrust bearing 21. 

[0027] Referring to Figure 4, a method for controlling the system 
10 in accordance with an exemplary embodiment will now 
be explained. An advantage of the following method is 
that the axial force exerted by the rotor shaft 18 on the 
thrust bearing 21 can be controlled such that degradation 
of the thrust bearing 21 is prevented. 

[0028] At step 100, the control computer 88 opens the valve 80 
to communicate steam from the steam generator 22 
through the conduit 32 to the turbine subassembly 14. 

[0029] At step 102, the control computer 88 opens the valve 82 
to communicate steam from the steam generator 22 
through the conduit 34 to the turbine subassembly 16. 

[0030] At step 104, the control computer 88 measures a pressure 



of steam in the conduit 32 based on the pressure signal 
(PI) from the pressure sensor 84. 

[0031] At step 106, the control computer 88 measures a pressure 
of steam in the conduit 34 based on the pressure signal 
(P2) from the pressure sensor 86. 

[0032] At step 108, the control computer 88 calculates a magni- 
tude of an axial force being applied to the thrust bearing 
21 by the rotor shaft 18 based on the pressure of steam 
in the conduit 32 and the pressure of steam in the conduit 
34. 

[0033] At Step 110, the control computer 88 makes a determina- 
tion as to whether the magnitude of the axial force is 
greater than a threshold value. If the value of step 110 
equals "yes", the method advances to step 112. Other- 
wise, the method returns to step 104. 

[0034] At step 112, the control computer 88 closes the valve 80 
to prevent steam in the conduit 32 from entering the tur- 
bine subassembly 14. 

[0035] Finally, at step 114, the control computer 88 closes the 

valve 82 to prevent steam in the conduit 34 from entering 
the turbine subassembly 16. 

[0036] The system and method for controlling a steam turbine 
represents a substantial advantage over other systems 



and methods. In particular, the system and method calcu- 
lates an axial force exerted by the rotor shaft 18 against 
the thrust bearing 21. When the calculated axial force ex- 
ceeds a threshold value, which could degrade the thrust 
bearing 21, the system and method reduces the amount 
of steam applied to the steam turbine subassemblies to 
reduce the axial force exerted by the shaft 18 against the 
thrust bearing 21. Thus, the system and method provides 
a technical effect of controlling an axial force exerted by 
the rotor shaft 18 against the thrust bearing 21 to prevent 
degradation of the thrust bearing 21. 
[0037] As described above, the present invention can be embod- 
ied in the form of computer-implemented processes and 
apparatuses for practicing those processes. The present 
invention can also be embodied in the form of computer 
program code containing instructions embodied in tangi- 
ble media, such as floppy diskettes, CD ROMs, hard 
drives, or any other computer-readable storage medium, 
wherein, when the computer program code is loaded into 
and executed by a computer, the computer becomes an 
apparatus for practicing the invention. The present inven- 
tion can also be embodied in the form of computer pro- 
gram code, for example, whether stored in a storage 



medium, loaded into and/or executed by a computer, or 
transmitted over some transmission medium, sucli as over 
electrical wiring or cabling, through fiber optics, or via 
electromagnetic radiation, wherein, when the computer 
program code is loaded into and/or executed by a com- 
puter, the computer becomes an apparatus for practicing 
the invention. When implemented on a general-purpose 
microprocessor, the computer program code segments 
configure the microprocessor to create specific logic cir- 
cuits. 

[0038] While the invention is described with reference to an ex- 
emplary embodiment, it will be understood by those 
skilled in the art that various changes may be made and 
equivalence may be substituted for elements thereof with- 
out departing from the scope of the invention. In addition, 
many modifications may be made to the teachings of the 
invention to adapt to a particular situation without de- 
parting from the scope thereof. Therefore, it is intended 
that the invention not be limited to the embodiment dis- 
closed for carrying out this invention, but that the inven- 
tion includes all embodiments falling within the scope of 
the intended claims. Moreover, the use of the term's first, 
second, etc. does not denote any order of importance, but 



rather the term's first, second, etc. are used to distinguish 
one element from another. 



